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Abstract Geopolymers were made by mixing IGCC slag and aluminum smelted waste and their properties were compared
with those of IGCC slag based geopolymers. When two raw materials were mixed, the highest compressive strength was
obtained at 1.78 of Si/Al ratio. Because the change in compressive strength and density was not so sensitive by the change
in Si/Al ratio; that is, the permissible range of Si/Al ratio mixing ratio is broad, it was speculated this broad permissible
range would be advantageous for commercialization. The Compressive strength of geopolymers including red mud was
higher than that of IGCC based ones and the safety was confirmed by TCLP test. Therefore, it was concluded that the
making geopolymers by mixing red mud not only enhances the properties of geopolymers but also gives a recyclability as
safe construction materials.

Key words Geopolymer, Red mud, IGCC slag, Si sludge, Mechanism, Curing, FT-IR

F7u)EAIA w715 HHe Al e Feinle] B4
Zstal, Zsy’
7371 sk A aA)Fek), 4, 16227

(20221 7€ 202 )
(20223 79 28 HAISER)
o]

(20224 8¢ 9 AAEA
2 o &FuEAE d71ES IGCC 318t et ALEFYHE AR EAS 7€ IGCC £ 7N A2
z T 9855 39S W SVAI HIE 17814 7S £ 4EAE 3E BIon, SiAle] ¥stol me}

-
A AEE 9 Uz el vk ol &, T SR 4] HWol AEsA fElsitia ARE AT EF
FAE HA7ES JUs Ao e 71€ IGCC €32 7IHE A EZ2 giH] AEFA=rE 22 Ae T & e
o, TCLPH 93l A &S s A Ao Tttt e 1T & Ut uhA ¢FrsAd A7 &S
A &R IGCC &t T3t A oZHE Axddtd A FHe] 84 PP mgo] 2 Bk ofZ ¢
AzAAZ AZEE & Aot ZEXS 5 AATh

(e
o e |

LM B 5o Fosld 450E Bt F2 008 FYE
TR Aot &, Bael wMiEwst Fde] SUs

Ht ARElE AF2dste] A7dS QIAEAL o] ve} FHljE o] o] "rke Seoth
g Al A ARdelM RSk olitstea wiEEe A
AAShs FAS LRI oH, 2050974 &l FulE AAIE 71F0E 8 %ell Sulskal Stk ol AJHE A}
Zo] (o] H&= B ¢ TRAES 235l Qo). @ LS =9 oisleAE USA7I= Aol 7MY 234

4 Q7ke] &Fol ofsl S 247k viE <l Pl E-gith. sAIRE AA A GA A AR

S FHUgk Fol3, Uoe 247k YEiM= AlA HA e ZEWRE AHES Alete FFollA] o]

oitsteavE WlslE 1S T 4 itk wEkA 98

; ) = ARIE diAIAIE Zhe A AW HeH, o]
Corresponding author ] ’ ;

E-mail: ytkim@kgu.ac kr A9 SAe 28l A&7 (geopolymer)’t 573HA

%
iy
ol
X
L
%
=
(L
X
+
K
.,
\
filo
2
@)
2
ol
L
f

T




144 Hakmin Kim and Yootaek Kim

=3t

LZEMT Sigk Ale] FHaA EAleke 714
dadElyd S Th HH olRE0] §&F
HE-3-(geopolymerizationys 3l Si-O-Al-
T2 3R] W FERE YAAA FHold

1442 &Fv= dyAolES 53

XN o O 9 N
J%kowmﬁ£m§_>
o, o W = ne 15 =
=A== T 1Y
}_, 1o, e v
e
w 5 Tl
n A
>k
= Ir
lu "
= N
=
s
TE®
o 2
Ml }l)i
ﬁ N
ol
g

Mot 2
oL
N

IE A= AR 71s/do] FEalithal o
132 1o ofef] tigh B2 A7t FP=]ar 1]

B AFolA] ARE-EE IGCC S L(integrated gasification
combined cycle slagyi= A& & 9 oA 7k~
3} XA AEE AMgshe A Adste wdred A
E7kast B FEA R RS el 3l
Al ks FAHEoIn Melvksst Edhibd 32
Ak Mgt slEde viE)] =2 WHE S-S A, &
A i 2 vjEidE SAkskE 90 % o, A
S 75% oV, olikslerA 25 %9 AZte] 7hEsle
2T 218473 Aetsts 7|2 ZRgRkal Qluh2]. SHAl
gk o2 ola AZF <F 10% =29 FAHEo] U} njHS
Fggsfjol HlE 2 olo)] st Hl-go] AQFT o] &
ATF= FAHEQ]l IGCC £H2E o] &3lx AeEeH
E ARl HH s3] Alge-s T3 wighle
A ¢ gHE 532 s 3]

TS ol AFolA ARE EFvEAE H7|EE
HE; red mud) JA] HIA|E o 2 HE F=Ak
SIAFHUE AZxsks 3404 PEeE 38
ot} FE HRoZE $i0, ALO,, Fe,0s TiO, Na,O
ol o, oA AZE 305F & o]/do] EAEE
Aog FAEI QJuh4]. T3 ¢Fe 5 L FsH4
T4 Wl WiEsE 7R Adsoltt. webA A
LZm A& AM8TFs sitbd vy EA B AR
Aggo] 7hsshr] wliel x3EA 22S FYs=R
&g sh= ZlojojA] o] HA] R T =T
< Ze=g 7t 5]

2 A AFeke AeZEre AAoRE =
FEE JHAEA UETE 1.0 o8 3& 1.0 53

A2l A= Si sludge F7P7F DA oluh
Si sludge= A1¥ uWjellA] 23EA) (bloating material)

Al Hlo] Eae) Freo w2t HrhEes gl o

X 8 ox Yo
=2
>

N

Iy

4
50

o
H

Al

—

I rlo

Fr

A

12t
et o dlo

tlo
ol

3

2r, o] BeFE Havt A doju Je5E
Whrzh Ao d gl AxE 7HAA S Si
sludge® 9 Zal T Q89 TUSA AYPIAEEN
Aggo] 7Fssl o] GAl A AQ] WAty Wt
T ATH6].

ol A= IGCC 7|9 A 22 APAF[7-95
A ZAEL AAAZOH, IGCC &0l LFr|EFA|
A HrEg Efete AEe Mg ol B3 ¢
FrEAE H7[ES HrislH AeZEw 54 ofd
Feb Ao Fewel 1387 e AL
A8 B8l BAWsle] Yl
stazl skth T3k GErEAldE HriEe dAl XA
H7|E2 EFE30e] ole] -t zL-go] LQ3h
gk A o FeE|ue] Azl Aj&go| 7 Ay, %
Mo a3 &8 A 9 HES dxsite A
HollA] 2 A 2J9)7} Ahar st

of
oot
o
L)
il‘
H
E
N

B AFox AMg3E Y8+ IGCC €8z, Si &84,
=
=

ATOEAE A71ES Al Y A LTS A
z3c Rl F M) AR BS, 4Y BEES

af x| RbE AR HASERE of7|M= olof tigh A
W2 A= sitH7-9). EFeAE #H71EY AT,
AzxE dFuEAdE JA7eS $AE 34 Rlol
AREEIGATE. Table 19l FHEAlE #7189
S XRF(X-ray fluorescence)® 413+ 7S e
- LER ket o] dRmgAld Hrledde vk
e I F Ao, Ao EeH
A = AL & T AUTh mEbA
AeZeH AxXE S T2 Al AR Si AHEY
Si €8RS H7tste] A

o _
= 21e WEL E7E o

o

jur
-

MLt 2

A

oL

ty lo 39
o
X
ML
2

Table 1

Chemical composition of red mud analysed by XRF (Unit: wt.%)
Material SiO, AlLO; Fe,O; CaO MgO Na,O K,0 TiO, P,0; MnO
Red mud 8.48 19.71 46.43 8.35 0.41 5.45 0.03 10.03 0.24 0.04
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Fig. 1. Compressive strength and density of geopolymers con-
taining red mud according to the Si/Al ratio and W/S ratio.
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Fig. 2. Compressive strength and density of geopolymers
containing red mud according to the concentration of alkaline
activator.
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Fig. 5. X-ray diffraction patterns of lightweight geopolymers and red mud. (a) Geopolymer made of IGCC slag after the autoclave
curing, (b) Geopolymers made of IGCC slag and red mud with an autoclave curing, (c) Red mud as received.
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Table 2

Recycling scope according to the enforcement regulations of the waste management act

Classification Number

Types of Waste

Recycling Method

51-02-09 (Inorganic onyrate)

Bauxite residue

R-3-1, R-3-2, R-4-2, R-4-7, R-7-3, R-10

Recycling Method

Recycling detailed classification by types

1: Type of recovery of metal or non-metal resources from waste through simple

R-3: The type of recovery of solid resources or the

processes such as dismantling, separation, crushing and sorting.

manufacture of raw materials for the product.

2: The type of recovery of metal or nonmetal resources from waste through pro-

cesses such as melting, reaction, extraction and etc.

2: Type of manufacture of non-metallic mineral products such as aggregates,
glass, cement, concrete and ready-mixed concrete, refractories and ceramics or

R-4: The type of product that you manufacture.

other non-metallic mineral products such as ascone, asphalt and solidifying agents.

7: Type of manufacture of chemicals such as organic/inorganic compounds, oxides
or chemical products such as pigments, paints and colorants.

R-7: The type of recycling into soil or common

water and etc. materials.

3: Type used as soil material for waste reclamation facilities or water proofing

R-10 Type of intermediate waste for product manufacturing.
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Table 3

ICP-OES analysis results of IGCC slag based geopolymer, red
mud, and red mud mixed geopolymer by TCLP (US Waste
Management Regultion) (Unit: mg/1)

Sample Pb Cu As Cd Cr Ni
1 0 0 0 0 0.002 0
2 0 0 0 0 0.04 0
3 0 0 0 0 0.002 0

% 1: IGCC slag based geopolymer, 2: Red mud, 3: IGCC

slag + red mud mixed geopolymer

(Sample 1), 2= A] & GFulsAH #H7|E(Sample
2), 23l EFrlEAE HrlEe] xR AEEH
(Sample 3)°] ICP-OES 4 A& Hwgk Zojt}. Al
A HAEe] 7%, vl TCLP(Toxicity Characteristic
Leaching Procedure)®] 715l w2} dFulgAd 7]
=< 9.5mm °J3tE EHE A A E F

lLEE 20:1(&vE7 1) HEE 18A7F B9t RS
APgk 5, At & S A

Table 3014 & 9&01 IGCC €81 78k A&
2, °LEU]HZﬂEﬂ H7Es s X oFg, &7
A #H71E Al 7R B felead] nE 8E0] A
o] glo] Fafsitte RS & Ao, 8&5E TuH
dase] gz Qs ey 7]"6‘}‘3'8‘ Ael gitk=

2g o % Uoeh

Table 4= 3AFH -85 75 H"qz_’ AT
o|& HW o] 0.05mg/l}t Hod 4 7Ee 23
A Fo] AREE = §IATE Table 3914 & 4 91%01
Z 0.04 mg/I2 FA] o} S8 7| = F3E7]
e GFulEAE H57 1501 Aggsrlel et =
A0l Aog FAAAT
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Table 4
Acceptable Cr standards (2019, The Ministry of Envirornment)
Watt?r Tap Spring ankmg Salt Drinking Deep Common Drinking
quality water water spring ground salt ground ocean facili ground
items water water water water ty water
Cr 0.05mg/l  005mg!l  005mgl  005mgl  0.05mg/l 005mg/l  005mg/l  0.05mg/l
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o AoENE ANY A3 ATl 434 A <

gl B3 Aldsisin.
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